ADDITIONAL INDEX WORDS. transport, handling, fruit quality, crushing, lowbush blueberry, Vaccinium angustifolium SUMMARY. Increasing the size of containers used to transport wild lowbush blueberry (Vaccinium angustifolium) fruit from the fi eld to the processing facility has the potential to increase handling effi ciency. Currently the wild blueberry industry uses a standard 18-inch-long × 15-inch-wide × 5-inch-deep plastic container that holds about 20 lb of fruit. This study examined the development of a new, pallet-sized high-capacity blueberry container and determined its effects on fruit quality following harvesting, transport, and processing. Laboratory studies on the effects of packing depth of berries on fruit quality demonstrated that container depths of 14.2 inches were damaging to fruit 24 hours following harvest, transport, and holding under ambient conditions, while depths of 7.1 inches were not. In commercial trials with larger pallet-sized prototype containers, fruit depths of up to 10 inches were not damaging to fruit under otherwise typical commercial handling conditions. Dumping fruit from the 10-inch-deep pallet-sized containers onto conveyer belts at the processing facility caused minimal damage to the fruit. In addition, fruit crushing that occurred in the large pallet-sized containers was similar to that occurring in the standard 20-lb plastic containers currently used by the industry. Results of these studies indicate that large pallet-size blueberry containers with a depth of 10 inches could be used without causing signifi cant damage to fresh fruit during harvest, transport, and processing. Thus as a whole, the adoption of this type of container would improve handling effi ciency and potentially the quality of the fruit.
Food Scientist/Engineer. T he fruit of wild lowbush blueberries has long been valued for its high fl avor and nutritional value. Wild blueberries are native to northeastern North America, including Maine, Quebec, and the Atlantic provinces of Canada. Large native stands of these fruit have been harvested over the centuries. Recently, agronomic practices in managed wild fi elds have increased production dramatically. Over the last 25 years wild blueberry production has increased an average of 5 million lb per year and now totals nearly 160 million lb per annum (Yarborough, 2005) . Over 95% of this fruit is frozen soon after harvest and used to produce various consumer products.
The quality of frozen fruit is dependent on maturity and quality of the fruit at harvest, as well as the effects of harvesting, postharvest handling, and processing. If the incidence of overripe or damaged fruit is high, the amount of unusable fruit removed during processing will lower the effi ciency of fruit processing and yield of the fi nal frozen product. Fruit must be fi rm at the time of harvest and must be handled gently and quickly from harvest to processing and freezing. Delays in this process result in increased breakdown, softening, and reduced quality of frozen fruit (Jackson et al., 1999) . The period from harvest to processing should be <20 h in order to minimize berry softening and loss. When delays are >24 h, losses in berry fi rmness can be substantial. In addition, postharvest temperatures of the fruit prior to freezing also affect quality of wild blueberries (Sanford et al., 1991) . Holding fruit for prolonged periods at high temperatures results in increased numbers of damaged fruit and loss of fi rmness.
Effi cient harvesting and postharvest handling of fruit is important to maintain fruit quality and ensure fi nancial return to the industry. The industry has evolved over the past century from hand-picking into 1-qt-sized boxes, to raking into 20-lb wooden tubs (Kinsman, 1986) , to harvesting into plastic fi eld containers (Kinsman, 1993) . Plastic fi eld containers, which are 18 × 15 × 5 inches [length (L) × width (W) × depth (D)] in size and hold about 20 lb of fruit ( Fig. 1) , have become the industry standard for handling harvested fruit. These containers are suitable for use with both hand-raking and mechanical harvesting. There has been a trend in recent years to increase the use of mechanical harvesting for wild blueberries in light of acreage increases. Mechanical harvesting of small fruit can increase labor productivity by a factor of 12 to 20 times (Peterson, 1992) . Since the development of a successful mechanical harvester for wild blueberries in 1979, the acreage being mechanically harvested has increased steadily and now comprises 77%, 52%, 25%, 15%, and 5% of the total acreage 
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in Nova Scotia, Prince Edward Island, New Brunswick, Maine, and Quebec, respectively (Yarborough, 2004) . Recently, new mechanical harvesters with even higher capacity have been developed in Nova Scotia and Prince Edward Island.
With the increased capacity of the new mechanical harvesters, the relatively small size of the standard 20-lb plastic container has become a limiting factor for the effi cient harvesting and handling of wild blueberry fruit. For example, the larger mechanical harvesters can fi ll a standard container in a matter of seconds. Large numbers of these standard containers and much hand labor is required to handle production, transport, and unloading at the processing facility. The use of higher capacity containers could improve the effi ciency of fruit harvesting and handling by reducing hand labor needed to collect fruit from the harvesters, stack containers for transport to processors, and unload fruit onto the processing line. The development of a high capacity container requires that fruit quality is preserved and any damage due to increased capacity is minimized or avoided. The objective of this study was to examine the design of a new, high capacity blueberry container in relation to its impact on fruit quality during harvesting, transporting, holding, and processing.
Materials and methods
In order to determine the effect of increasing the size of blueberry containers on fruit quality, experiments were conducted over four harvest seasons. In the 2001 season the effects of fruit depth on quality during transportation and holding were determined; in the 2002 season prototype pallet-sized containers were developed, and fruit quality following harvest, transport, and holding was determined; in the 2003 season the effects of dumping fruit from large-capacity containers on fruit crushing were determined; and in the 2004 season fruit crushing that occurred during harvesting, transporting, and dumping fruit from the new large capacity containers was compared with that from standard 20-lb plastic fi eld containers. W × 360 D mm (large) white plastic buckets (Ropak Can-Am Ltd., Springhill, N.S.) by placing buckets under the collection belts of the mechanical harvester and fi lling each bucket to within 20 mm of the top. The small bucket compares to the 5-inch depth of the standard commercial container currently used. The fi lled buckets were then transported by car to the Nova Scotia Agricultural College (NSAC), Truro, within 1 h of harvest, where they were labeled, covered with cloth, and held overnight at room temperature. Fruit were then transported for about 2 h in the trunk of a car to the Atlantic Food and Horticulture Research Centre (AFHRC), Kentville, N.S., for quality analysis. The temperature during transport ranged from 14 to 18 °C. Fruit were sampled and assessed ~24 h following harvest.
season
FRUIT SAMPLING. To allow fruit sampling from the buckets, sampling ports on the side of each bucket were created by cutting out 120 × 30 mm rectangular strips at the bottom (depth of 180 mm) of the small buckets and at the center (180 mm) and bottom (360 mm) of the large buckets prior to fi lling. Duct tape was used to secure the sample ports in place prior to fruit sampling. This allowed sampling of fruit from these depths without disturbing fruit at other levels. Samples of about 50 fruit from the top of each bucket and from each sampling port were carefully taken after the fruit arrived at AFHRC.
FRUIT QUALITY ASSESSMENT. Sampled fruit were weighed and fruit quality was assessed by sorting samples into good fruit (not considered bad or trash), bad fruit (soft and crushed), and trash (unripe fruit, leaves, and twigs). Each group was weighed, and weights were compared to the original total weight to determine the portion of good fruit, bad fruit, and trash. Fruit samples of 25 randomly selected good fruit from each sample were analyzed for fi rmness using a Firm Tech 1 fi rmness testing instrument (BioWorks, Stillwater, Okla.) at room temperature. The fruit were placed into individual wells on a metal turntable. A 15-mmdiameter plunger compressed each individual fruit at a rate of 10 mm·s -1 to a threshold force of 1.47 N. The fi rmness of each berry was measured by the instrument in N per millimeter of deformation and the average fi rmness of the 25 berries was recorded. EXPERIMENTAL DESIGN. The experiment was a completely randomized block design with the three fi elds as blocks. For each fi eld, four small buckets (two depths) and four large buckets (three depths) were fi lled, sampled at each depth, and fruit quality analyzed. Quality data were analyzed using analysis of variance (ANOVA) and means were separated by Tukey's test at P ≤ 0.05 (Jandel Corp., 1995) .
FRUIT HARVESTING AND TRANS-PORT. Samples from four fi elds were assessed during the harvest season in 2002. All harvests were from the Mount Stewart area in Prince Edward Island. Samples were obtained on 26 Aug., 28 Aug., 3 Sept., and 10 Sept. 2002, and were transported to Oxford, N.S., by refrigerated commercial transfer trucks. Containers that were 48 L × 40 W inches in size were constructed of aluminum, and were either 6, 8, or 10 inches deep (Fig. 2) . Each container was constructed so that there were four compartments on one side that were each 20 L × 12 W inches, and six compartments on the other side that were each 16 L × 10 W inches. Four of the compartments were equipped with hatches in the bottom-center that allowed fruit to be removed. Hatches were located in two small compartments in the center of the container, and two large compartments at the outer edges of the container (Fig. 2) . Two containers were constructed for each of the three depths assessed in the study.
Fruit were harvested by mechanical harvester into standard harvest containers, and then transferred into the special containers constructed for this study. All 10 compartments of each container were fi lled with fruit. The containers were then transported to Oxford, N.S., a distance of about 120 miles, by truck. The containers were unloaded from the trucks and held overnight under ambient conditions at the Oxford Frozen Foods blueberry receiving facility.
FRUIT SAMPLING. Fruit samples were taken at the commercial receiving facility 18 to 24 h after harvest from the top of the four designated compartments and from the bottom of the compartments through the sampling hatches. Fruit from each container were sampled from the same locations. Samples were placed in 150-mL polypropylene specimen containers and transported by car 50 miles to the NSAC where fruit quality was immediately assessed.
FRUIT QUALITY ASSESSMENT. After weighing the contents of each container, fruit quality was assessed as described above for the 2001 season.
EXPERIMENTAL DESIGN. The experimental design was a split-split plot with the containers (three depths) as the main plot, the four fi elds (harvest dates) as the sub plots, and the two sample locations (top and bottom) as the sub-sub plots. From each fi eld, two containers of each depth were fi lled and fruit from the top and bottom of four compartments from each container were sampled. Data were analyzed using ANOVA, and means were separated by Tukey's test at P ≤ 0.05 (Genstat 5 Committee, 1993) .
FRUIT HARVESTING AND TRANS-PORT. Blueberry fruit were harvested from fi elds in the Mount Stewart area in Prince Edward Island between 2 and 5 Sept. Blueberries were harvested directly into 48 L × 45 W × 12 D inch MacroBin 12 containers without compartments (MacroPlastics, Fairfi eld, Calif.), which were fi lled to a depth of about 10 inches and transported to Oxford, N.S., by refrigerated commercial transfer trucks. Each truck transported up to 120 containers, which were arranged in stacks of fi ve.
FRUIT SAMPLING. Approximately 500-g samples were taken randomly from one container in each stack of fi ve as the containers were dumped (Fig. 3) , with total numbers sampled determined by the number of containers delivered to the processing facility. Thus, 43, 22, 21, and 22 boxes were sampled on 2, 3, 4, and 5 Sept., respectively, for a total of 108 samples. To sample the individual containers, each container was tilted and held until the fi rst large amount of fruit poured onto a processing belt. It then was tilted further to remove the remaining fruit. A sample (Top) was collected from the initial fruit on the belt by fi lling 1-L containers with fruit as it dropped off the belt. A second sample (Bottom) was taken in the same manner from the last fruit to be poured onto the belt, which were from the bottom of the container where the compression force that occurred during dumping was assumed to be greatest. Each sample was labeled with the lot and stack numbers. Samples were obtained by Oxford Frozen Foods plant workers during the dumping process, usually between 2000 and 0700 HR, and were analyzed for crushed fruit on the same day.
FRUIT QUALITY ANALYSIS. Samples 
RESEARCH REPORTS
that were > 500 g were reduced to 500 ± 5 g. The samples were spread onto large white trays (20 × 20 inches) and carefully sorted into categories as described above for the 2001 season. From the bad fruit, only signifi cantly damaged fruit were considered crushed; mummy berries and dried fruit were considered trash. The crushed fruit for each sample were weighed and percent crushed fruit was determined based on the initial weight of the sample. Differences between the percent crushed fruit from the top and bottom samples were analyzed using a pair-wise t test (Jandel Corp., 1995) .
season
FRUIT SAMPLING. To compare the standard 18 L × 15 W × 5 D-inch plastic fi eld container with the large 48 L × 45W × 12D-inch pallet-sized containers, fruit samples were obtained from containers following dumping on the processing line. Because of the limited availability of the prototype large-capacity harvester, large containers of fruit could not be collected at the same time as the standard fi eld containers. Therefore, from 26 Aug. through 3 Sept., eight lots of fruit harvested in standard containers and transported by refrigerated commercial transport truck were sampled at the processing plant in Oxford, N.S. Each lot came from a different fi eld in Nova Scotia, Prince Edward Island, or Maine and were harvested and transported in standard 20-lb plastic fi eld containers. Fruit from the containers were dumped onto a conveyer belt and samples were obtained from about 24 containers from each lot by fi lling 1-L containers with fruit as it dropped off the belt. Samples were taken from every sixth container that was dumped onto the line. A total of 172 containers was sampled from the eight lots.
Fruit from large containers were sampled in a similar manner on 13 and 14 Sept. Large containers (48 L × 45 W × 12 D inches) were fi lled with fruit in Mount Stewart, P.E.I., and transported by refrigerated commercial transport truck 245 miles to Tracadie, N.B., where a big container dumping system was in place at a processing facility. Containers were dumped onto the conveyer belt and two samples of fruit, one from the top and one from the bottom, were taken from each container following the procedures used in 2003. A total of 16 containers was sampled.
FRUIT QUALITY ANALYSIS. The rates of crushing associated with the two containers were compared using means and standard errors.
Results and discussion
In the 2001 harvest season, there were less good fruit sampled from the 14.2-inch (360 mm) depth compared with the 0-(top) and 7.1-inch (180 mm) depths (Table 1) . Similarly, the percentage of bad fruit sampled from the 14.2-inch depth was greater than that from the 0-and 7-inch depths. In addition to the good and bad fruit, a small amount (<4%) of trash was in each sample. Firmness of good fruit was not signifi cantly affected by storage depth (Table 1 ). The reduction in number of good fruit in the bottom of the large buckets indicated that fruit depths of 14.2 inches caused signifi cant fruit damage. No difference in the number of damaged fruit was observed at the 7.1-inch depth compared with the top.
To further test the effects of depth on fruit damage, prototype pallet-sized containers with depths of 6, 8, and 10 inches were tested under commercial handling conditions in the 2002 season. There were no differences in the percentages of good or bad fruit among the samples taken from the top or bottom of any of the three depths (Table  2 ). In addition, no differences were seen in fruit fi rmness. These results indicated that a container depth of 10 inches would be acceptable under the conditions evaluated and would double the depth of the currently used container.
In other studies using bulk containers, greater depth of fruit in the containers resulted in increased bruising and damage to tomatoes (Lycopersicon esculentum), apricots (Prunus armeniaca), and peaches (Prunus persica) as a result of increased compression of the fruit (Geyer et al., 2003; O'Brien et al., 1963) . Vibration and shaking actions that occur during transporta- tion can compact bulk-packaged fruit, causing additional compression as was seen in the transportation of kiwifruit (Actinidia deliciosa) (Lallu et al., 1999) . Damage caused by compression is increased when fruit are subjected to dropping and impact bruising prior to fi lling and transporting containers (Geyer et al., 2003) . In the 2003 season results, effects of dumping wild blueberry fruit from pallet-size, large containers containing a 10-inch depth of fruit on crushing damage were determined under commercial conditions. The mean values indicate that the damage in the bottom was consistently greater than that in the top of the containers, but differences generally were <1% (Table 3) . Differences in fruit crushing between samples from the top and bottom of containers was only signifi cant for the 5 Sept. fruit. Overall, the average values of crushed berries from the top and bottom of the 108 containers sampled were 2.65% and 3.04%, respectively. This small difference indicates that the fi lling depth of 10 inches did not cause excessive damage to fruit on the bottom from compression or crushing during dumping.
Damage infl icted during transportation and handling is dependent on the initial quality of the fruit, and damage may increase as fruit become more ripe and are less able to withstand physical abuse. Differences in fruit damage observed between different harvest dates/fi elds may refl ect differences in initial quality (Table 3) . Following the physical abuse that occurs during winnowing of wild blueberries, late harvested fruit were softer and developed more anthocyanin leakage than less mature early harvested fruit (Donahue et al., 1999) . When highbush blueberry (Vaccinium corymbosum) fruit were shipped from Chile to North America, 'Bluecrop' fruit, which were fi rmer than 'Ivanhoe' fruit, had less bruising, and maintained better quality following transport (Beaudry et al., 1998) . Greater ripeness of other fruit, including avocados (Persea americana), tomatoes, and peaches, resulted in more bruising and damage as a result of impaction, vibration, compaction, and simulated transport when compared with less-ripe fruit (Arpaia et al., 1987; Olorunda and Tung, 1985; Vergano et al., 1991) .
There was little difference in the rate of fruit crushing when comparing standard 20-lb plastic containers with large containers (Table 4 ). In fact, fruit from the top of the large containers had substantially less crushing than those samples from the standard containers. Fruit from the bottom of the large containers had a similar rate of crushing as the standard container.
The amounts of fruit damage varied extensively among the eight lots handled in standard containers. Average damage ranged from a low of 4.84% to a high of 12.26%. These differences may refl ect the differences in initial fruit quality, harvest methods, postharvest handling, transportation distance, and/or delays prior to processing. While the samples taken from the large containers represent fewer fi elds and handling variables, the similar rates of crushing when compared to the standard containers and the previous seasons' results all suggest that the large containers are a viable replacement for the standard containers.
The large containers used in the 2003 and 2004 seasons had a volume of about 15 ft 3 . Since they were fi lled about 10 inches deep, they held about 
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12.5 ft 3 of fruit weighing about 320 lb. This is about 16 times more fruit than is held in the standard containers currently used. Therefore, adapting harvest and handling procedures to use these larger containers would signifi cantly reduce time and labor requirements.
We conclude that the size of containers for handling wild blueberries could be increased to the pallet-size containers holding a fruit depth of 10 inches without causing additional damage to fresh fruit during harvest and transport. Damage caused to fruit by the dumping of the large pallet-size containers was minimal and therefore the use of large containers appears promising to increase harvest and handling effi ciency. In addition, the use of large containers may be benefi cial to berry quality if improved effi ciency enables harvesting at optimum harvest dates, reduces handling, and results in shorter holding periods. Further work in the design of the container should include features that facilitate air fl ow in the fruit as temperature is also a critical parameter for maintaining berry quality during transport (Sanford et al., 1991) .
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